Structural and physiological effects of calcium and magnesium in Emiliania huxleyi (Lohmann) Hay and Mohler.
In organisms which perform both photosynthesis and calcification, the fact that calcification proceeds faster in the light than in the dark has led to the long-established view that photosynthesis and calcification are closely coupled. It is now clear that calcification does not promote photosynthesis, but an enhancement of calcification by photosynthesis could still explain why calcification is faster in the light. To test this, the kinetics of the two processes were monitored over a wide range of calcium concentrations (0-50 mM) in the coccolithophore Emiliania huxleyi. The addition of 50 mM calcium strongly inhibited both processes, but when incubated in lower concentrations, rates of calcification increased up to 20 mM calcium whilst those of photosynthesis remained constant over the same range of calcium concentrations. So, rates of calcification are able to rise without a concomitant increase in photosynthetic rates. In addition, calcification rate and coccolith morphology responded similarly to changes in calcium concentrations; low calcification rates were associated with poor coccolith structure (undercalcification) and high calcification rates with perfectly formed coccoliths. Calcium concentration thus strongly influences calcification affecting both crystal structure and rate of calcite deposition. A similar structural analysis of coccoliths from cells grown in different magnesium concentrations showed that this ion is also essential for calcification, since strong signs of coccolith malformation and undercalcification were apparent at both low and high magnesium concentrations. In contrast with the calcium results, coccoliths were flawless only in the normal seawater concentration of 58 mM magnesium. We conclude that photosynthesis and calcification are not closely coupled and that calcification depends on a precise balance of both calcium and magnesium concentrations.